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(57) ABSTRACT 
A lock-in imaging system is configured for detecting a dis-
turbance in air. The system includes an airplane, an interfer-
ometer, and a telescopic imaging camera. The airplane 
includes a fuselage and a pair of wings. The airplane is con-
figured for flight in air. The interferometer is operatively 
disposed on the airplane and configured for producing an 
interference pattern by splitting a beam of light into two 
beams along two paths and recombining the two beams at a 
junction point in a front flight path of the airplane during 
flight. The telescopic imaging camera is configured for cap-
turing an image of the beams at the junction point. The tele-
scopic imaging camera is configured for detecting the distur-
bance in air in an optical path, based on an index of refraction 
of the image, as detected at the junction point. 
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LOCK-IN IMAGING SYSTEM FOR 	 In one embodiment, an aircraft system is configured for 
DETECTING DISTURBANCES IN FLUID 
	
detecting disturbances in air. The aircraft system includes an 
airplane and a lock-in imaging system. The airplane includes 
TECHNICAL FIELD 	 a fuselage and a pair of wings. The airplane is configured for 
5 flight in air. The lock-in imaging system includes an interfer- 
The present invention relates to a lock-in imaging system 	 ometer and a telescopic imaging camera. The interferometer 
for detecting disturbances in fluid. 	 is operatively disposed on the airplane and configured for 
producing an interference pattern by splitting a coherent 
BACKGROUND OF THE INVENTION 	 beam of light into two coherent beams along two paths and 
to recombining the two coherent beams at a junction point in a 
Turbulence and vortices in the front flight path of an air- 	 front flight path of the airplane during flight. The telescopic 
plane may present problems, especially when the airplane is 	 imaging camera is configured for capturing an image of the 
approaching an airfield to land. This is because the area near 	 beams at the junction point. The telescopic imaging camera is 
the airfield has a very low altitude and the vortices and tur- 	 configured for detecting the disturbance in air in an optical 
bulence near the ground may cause the airplane to become 15 path of the two coherent beams based on an index of refrac-
unstable. Therefore it is important to detect the presence of air 	 tion of the image detected at the junction point. 
turbulence and vortices in the front flight path of the airplane 	 The above features and advantages and other features and 
before the airplane enters the area of the air turbulence and 	 advantages of the present invention are readily apparent from 
vortices. However, the vortex and turbulence are just irregular 	 the following detailed description of the best modes for car- 
motion of transparent air so that a visual detection is very 20 rying out the invention when taken in connection with the 
difficult. A Doppler radar system can detect the motion of air 	 accompanying drawings. 
and moisture in the far distance, but the system is very com- 
plex, expensive, and not effective in a close distance to deter- 	 BRIEF DESCRIPTION OF THE DRAWINGS 
mine the presence of air turbulence and vortices. Common 
light detection and ranging (LIDAR) systems that are config-  25 	 Referring now to the figures, which are exemplary embodi- 
ured to detect a chemical signature of aerosols and gases in 	 ments and wherein like elements are numbered alike: 
the air are not effective because the turbulence and vortices 	 FIG.1 is a schematic view of a lock-in imaging system for 
often have the same chemical composition as steady air that is 	 detecting disturbances in fluid along an optical path of two 
free of turbulence and vortices. While doppler LIDAR can 	 coherent beams at a junction point; 
measure an averaged Turbulence Energy Dissipation Rate 30 	 FIG. 2A is a schematic perspective view of the lock-in 
(TEDR) and an integral scale of turbulence, the Doppler 	 imaging system of FIG. 1 operatively attached to an airplane 
LIDAR method is not effective to detect wind that is perpen- 	 with no disturbance in an optical path detected at the junction 
dicular to the measurement direction because the Doppler 	 point of the two coherent beams; 
LIDAR detects a frequency shift of the wind toward or away 	 FIG. 2B is a schematic perspective view of the lock-in 
from the detector. Also, the sensitivity and the signal to noise 35 imaging system of FIG.1 operatively attached to the airplane 
ratio of the Doppler LIDAR are low and need to be improved. 	 with a disturbance in the optical path detected at the junction 
The visual mapping of turbulence and vortices is very difficult 	 point of the two coherent beams; 
with the Doppler LIDAR. So far, most of the visual informa- 	 FIG. 3 is a schematic view a lock-in imaging method for 
tion of vortices and turbulence has been obtained through this 	 detecting disturbances in fluid along the optical path of the 
methodby adding additional smoke to visualize the motion of 40 two coherent beams at the junction point; and 
air. However, the introduction of smoke is not practical foruse 	 FIG. 4 is a schematic perspective view of an aircraft system 
when flying the airplane. 	 with an airplane having the lock-in imaging system of FIG.1 
detecting disturbances of fluid along the optical path at the 
SUMMARY OF THE INVENTION 	 junction point while approaching an airfield to land. 
45 
A lock-in imaging system is configured for detecting dis- 	 DESCRIPTION OF THE PREFERRED 
turbances in fluids. The system includes an interferometer 	 EMBODIMENTS 
and a telescopic imaging camera. The interferometer is con- 
figured for producing an interference pattern by splitting a 	 Referring to the drawings, wherein like reference numbers 
coherent beam of light into two coherent beams along two 5o refer to like components, FIG. 1 shows a lock-in imaging 
paths and recombining the two beams at a junction point. The 	 system 10. Referring to FIGS. 2A and 213, the lock-in imaging 
telescopic imaging camera is configured for capturing an 	 system 10 is configured for detecting disturbances 12 in flu- 
image of the two coherent beams at the junction point. The 	 ids, such as air or liquid. The disturbances 12 may be turbu- 
telescopic imaging camera is configured for detecting the 	 lence, vortices, and the like. The lock-in imaging system 10 
disturbance of the fluid in an optical path of the two coherent 55 includes an interferometer 16 and a telescopic imaging cam- 
beams based on an index of refraction of the image detected 	 era 18. The interferometer 16 is configured to produce an 
at the junction point. 	 interference fringe pattern 34 by splitting a beam of coherent 
A lock-in imaging method of detecting disturbances in 	 light 20 produced from a coherent light source 22 into two 
fluids includes producing an interference pattern at a junction 	 coherent beams 36 that travel along two respective optical 
point with an interferometer by splitting a beam of coherent 60 paths 24 and recombining the beams at a junction point 26. 
light into two coherent beams along two paths and recombin- 	 The telescopic imaging camera 18 is configured to capture the 
ing the two coherent beams at the j unction point. The image of 	 image 28 of the beams at the junction point 26. The interfer- 
the two coherent beams is captured at the junction point with 	 ometer 16 and the telescopic imaging camera 18 will be 
a telescopic imaging camera. The disturbance of the fluid is 	 described in more detail below. 
detected in an optical path of the two coherent beams based on 65 	 As shown in FIGS. 1, 2A, and 213, the lock-in imaging 
an index of refraction of the image captured by the telescopic 	 system 10 is configured to detect the presence of turbulence 
imaging camera at the junction point. 	 and/or vortices in the near-distance front flight path 30 of an 




airplane 32. The lock-in imaging system 10 provides a lock-in 
imaging method 42, which method 42 is depicted in FIG. 3. 
More specifically, the lock-in imaging system 10 is config-
ured to detect irregular motion of transparent air, i.e., turbu-
lence, vortices, and the like, in the front flight path 30 of the 
airplane 32 from between about a hundred meters to greater 
than one kilometer. Further, as will be described in more 
detail below, FIG. 2A shows an interference fringe pattern 34 
made by normal air and FIG. 2B shows a new interference 
fringe pattern 34 that appears when clear air turbulence or a 
vortex enters an optical path 24 in the front flight path 30 of 
the airplane 32. 
Although vortices and turbulence are transparent air, vor-
tices and turbulence have a slightly different index of refrac-
tion from that of steady, normal air. This difference in the 
index of refraction is due to a difference in a local pressure 
and density of the air having the vortices or turbulence, when 
compared with the steady, normal air. When a coherent light, 
such as a laser (Light Amplification by the Stimulated Emis-
sion of Radiation), maser (Microwave Amplification by the 
Stimulated Emission of Radiation), and the like, is split into 
two coherent beams 36 to travel in two different optical paths 
24 and the two coherent beams 36 combine again at the 
junction point 26, the coherent light has a complex interfer-
ence fringe pattern 34 at the junction point 26. This complex 
pattern can be seen if a screen is inserted at the junction point 
26. When air turbulence or vortices are disposed in the optical 
path 24 of the two coherent beams 36, the interference fringe 
pattern 34 may change, as observed at the junction point 26. 
In the sky, while there is no solid screen or other reflective 
surface, there is a scattering process that is produced by small 
dielectric particles, such as moisture, dust, and gas molecules. 
This phenomena is called the Rayleigh scattering process 
where the characteristic size of a scattering dielectric particle 
is x=(27ia)/X with a radius a, is so small that x«l. The 
intensity of light scattered by a small particle from unpolar-
ized light is proportional to the differential cross section, 
indication of a geometric profile of the fluid, i.e., vortex, 
turbulence, or steady, normal air). 
Referring again to FIG. 1, the back scattered interference 
fringe pattern 34 generally provides a very weak light signal 
5 when the light signal is compared with sun light or other 
background scenery. Optical filters 38, such as a band-pass 
filter 38 which is tuned for a laser, a maser, or a LIE wave-
length can be mounted on the telescopic imaging camera 18 to 
filter 38 out the background scenery. A zoom lens 40 may also 
io be mounted to the telescopic imaging camera 18 to magnify 
the image 28 of the interference fringe pattern 34. Also, 
referring to FIG. 3, in order to amplify the weak fringe inter-
ference pattern 34 and further cancel out the background 
scenery, a lock-in imaging method 42 can be used. The lock- 
15 in imaging method 42 is of the type known to those skilled in 
the art which uses a modulated source's phase information, 
i.e., a phase signal 58, in FIG. 3 is inserted to a signal mixer 59 
to a multiply a weighting factor (+/-1) to sequential image 
frames 44. The frames 44 are summed over a short period of 
20 time At to obtain image 34'. Referring back to FIG. 1, an 
external clock or an image phase frequency divider 21 that 
provides an electric connection 29 with a vertical sync from 
the camera 18, can be used as a modulation phase source. 
Referring again to FIG. 1, a diagram of the lock-in imaging 
25 system 10 using the modulated laser (or the maser) is shown. 
The lock-in imaging system 10 includes the interferometer 16 
and the telescopic imaging camera 18. The interferometer 16 
includes the coherent light source 22, i.e., the modulated laser 
(or the maser), a beam splitter 46, a plurality of mirrors 48, 
so and a pair of beam expanders 50 with divergence controls. 
The beam splitter 46 splits one coherent beam 20 into the two 
coherent beams 36. The two coherent beams 36 eventually 
remerge at the junction point 26 to detect the changes to the 
interference fringe pattern 34. The beam splitter 46 directs the 
35 pair of coherent beams 36 in different directions and into a 
respective one of the mirrors 48. The mirrors 48 are config-
ured to direct the pair of coherent beams 36 toward one 
another such that the two coherent beams 36 intersect at the 
junction point 26. Prior to the pair of coherent beams 36 
40 intersecting at the junction point 26, each of the pair of coher-
ent beams 36 is directed through the beam expander 50. In the 
embodiment shown in FIGS. 2A and 213, at least one mirror 
48 is disposed at a tip 52 of a respective wing 54 of the 
airplane 32. The beam expander 50 is configured to expand 
45 each beam of the pair of coherent beams 36 to the size of a 
desired cross -section at the j unction point 26. The optical path 
24 is disposed along the two coherent beams 36, between the 
junction point 26 and the beam expanders 50. The interfer-
ometer 16 may also include a processor 56 that is in operative 
50 communication with the coherent light source 22 and the 
telescopic imaging camera 18. The processor 56 is configured 
for analyzing the images 28 of the pair of coherent beams 36 
at the junction point 26 as a function of a phase signal 58. 
The telescopic imaging camera 18 shown in FIG. 1 is 
55 configured to capture a plurality of frames 44 per second and 
provides the phase signal 58 as shown in FIG. 3, which comes 
from the electric connection 29 shown in FIG. 1. The tele-
scopic imaging camera 18 may be generally disposed proxi-
mate a front 60 of a fuselage 62 of the airplane 32 suchthat the 
60 filter 38 and zoom lens 40 are generally centered between the 
two coherent beams 36. When the telescopic imaging camera 
18 is disposed in the generally central location, the zoom lens 
40 and the filter 38 are in position to view the cross-section of 
the interference fringe pattern 34 at the junction point 26. The 
65 phase signal 58 from the telescopic imaging camera 18 is 
divided into digital pulses of ON an OFF states in order to take 
at least one image 28 with the laser or the maser (i.e., an ON 
d 	 ( 27r )4 e  s, —1 	 (1 + cos20) 	 (Eq. 1) 
	
~(~)~ c1S2— ~T ~ a  s,+2 	 2 
where E,, is the dielectric constant, 0 is the scattering angle, 
and a is the radius of a dielectric particle. The scattering 
intensity is strong when 0=0° (forward scattering) and 
0=180° (back scattering). This means the if two almost-par-
allel coherent beams cross each other with a small intersect-
ing angle, the back scattering of interference fringes can be 
measured with a lock-in imaging system 10. The interference 
fringe pattern 34 is affected by the refractive index of the air 
in the optical path 24. When an irregular turbulence or vortex 
occurs in the air, they have slightly different indices of refrac-
tion as that of normal, steady air because of the change in the 
density, pressure, and velocity of the air. Therefore even 
though clear air turbulence and vortices are transparent, the 
resulting interference patterns are different from that of nor-
mal air. The wavelength of the coherent light source 22 can be 
chosen to allow weak scattering in the air with some moisture 
such that the back scattering at the interference junction can 
be detected. The interference pattern of Laser Induced Fluo-
rescence (LIF) of gas molecules and moistures can be used as 
well. During LIF, energy is absorbed into molecules such that 
the molecules are excited. When the excited molecules return 
to the ground state, energy is released in the form of fluores-
cence. The amount of fluorescence released is an indication of 
the amount of molecules that are present in the fluid. This is an 
US 8,913,124 B2 
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state) and take at least one other image 28 without the laser or 
the maser (i.e., an OFF state). A modulation of the laser or the 
maser is performed by the phase signal 58 at a divided fre-
quency. The modulation of the laser or maser is illustrated at 
65 in FIG. 3 over the period of time At. The images 28 
acquired by the telescopic imaging camera 18 are computed 
with the phase signal 58 and summed 63 over the short period 
of time At using alternating weighting factors. For example, a 
lock-in imaging method 42 is illustrated in FIG. 3. When the 
laser or maser is on, the value of (+I) is multiplied by a 
numerical data of the image frame 44, and when the laser or 
maser is off, the value of (-1) is multiplied by the numerical 
data of the image frame 44. When all images 28 frames 44 are 
summed, only modulated interference fringe patterns 34 of 
the same frequency are amplified and the background images 
28 are cancelled out. 
Summation 63 of the image frames 44 using only the 
alternating weighting factors cancels out the background 
scenery and also amplifies any phase-locked interference 
fringe patterns 34. Lock-in imaging methods 42 have been 
proposed in many other applications. More specifically, the 
lock-in imaging methods 42 have showed very good results in 
microscopic thermal imaging systems. Additionally, the lock-
in imaging methods 42 may be used to detect weather phe-
nomenon, such as tornados. It should also be appreciated that 
the lock-in imaging system 10 is not limited to being used to 
measure the interference fringe patterns 34 of air, but may be 
used with any fluids, such as liquids and the like. 
Referring to FIG. 4, in practical applications, it may be 
desired to monitor the air at a slightly lower altitude with an 
aircraft system 31. The aircraft system 31 includes an airplane 
32 with the lock-in imaging system 10 operatively connected 
thereto. When the airplane 32 approaches an airfield 33, the 
airplane 32 will descend into the area being monitored during 
landing. To do this, the pair of coherent beams 36, and the 
corresponding junction point 26, may be configured to devi-
ate from a horizontal plane of the airplane 32 and the tele-
scopic imaging camera 18 may view the interference fringe 
pattern 34 with an angle ~ . Actually, it may be advantageous 
to provide the lock-in imaging system 10 with an angle 
~ 
that 
is defined between a plane of the two coherent beams and the 
telescopic imaging camera 18 to allow the observation of a 
full interference fringe pattern 34 area by the telescopic imag-
ing camera 18. Therefore, alternative mounting points of the 
lock-in imaging system 10 can be considered. For example, 
the telescopic imaging camera 18 can be mounted at a tip 52 
of a vertical fin 66 instead of the front of the fuselage of the 
airplane 32. It should be appreciated that other mounting 
locations known to those skilled in the art may also be used. 
Because mechanical vibration can change interferometeric 
interference fringe patterns 34, a stable, clear optical path 24 
for the two coherent beams is required. Also the lock-in 
imaging system 10 needs to be mounted on a stable platform. 
This means that if the sources of coherent beams, e.g., mirrors 
48 and the like, are mounted at tips 52 of the flexible wings 54 
of the airplane 32, a dynamic compensation of wave front and 
phase is required. Alternatively, a compact lock-in imaging 
system 10 with small a distance between the two coherent 
beams 36 can be mounted on a stable optical table inside the 
fuselage without a mechanical vibration problem. 
Referring to FIG. 3, the integrated lock-in imaging method 
42 cancels out the background images such as ground scen-
eries and cloud sceneries. However, when the ground is near, 
the image 28 can shift a little bit from one frame 44 to another 
frame 44 because of the fast speed of the airplane 32. To 
overcome this, a separate image 28 drift compensation algo- 
6 
rithm with the velocity information of the airplane 32 can be 
used in the lock-in image 28 calculation computer and elec-
tronics. 
A high speed digital speckle pattern interferometry that 
5 scans a narrow region of interest (ROI) can be used with the 
lock-in imaging method 42 and modulated coherent light 
sources 22. For example, CMOS image 28 sensors can pro-
vide very high frame 44 rate of ROI such as 128xI28 pixels at 
900 Hz or 64x8 pixels at 16.8 KHz. 
10 	 Finally, a point detector or one-dimensional (ID) array 
detector can be used instead of a two-dimensional (21)) imag-
ing detector if the interference fringe pattern 34 can generate 
a moderately large stable spot. While the 2D imaging detector 
with a lock-in method can analyze the full pattern of the 
15 fringes, the 2D imaging detector requires a pattern recogni-
tion calculation to detect the change of interference fringe 
patterns 34 due to the clear air turbulence and vortex. If a wave 
front of two coherent beams 36 is pre-adjusted to generate a 
large constructive (or destructive) interference spot, a simple 
20 point detector or I D imaging array can be used to monitor a 
change of the intensity of the constructive (or destructive) 
interference spot. In this case, the calculation to detect the 
change of the interference fringe patterns 34 can be simplified 
and the lock-in modulation frequency can be increased by a 
25 few orders of magnitude. 
The above described system can be mounted on the ground 
station near the airfield in order to monitor the turbulence and 
vortex at the landing site. 
While the best modes for carrying out the invention have 
so been described in detail, those familiar with the art to which 
this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 
35 	 The invention claimed is: 
1. A lock-in imaging system configured for detecting dis- 
turbances in fluids including air, the system comprising: 
an interferometer located on an aircraft configured for pro-
ducing an interference pattern by splitting a coherent 
40 beam of light into two coherent beams along two paths 
and recombining the two coherent beams at a junction 
point in front of a flight path; 
• plurality of mirrors configured for directing the two 
coherent beams toward one another at the j unction point; 
45 and 
• telescopic imaging camera located on the aircraft config-
ured for capturing an image of the interference pattern of 
the two coherent beams at the junction point where the 
two coherent beams of light recombine in front of the 
50 	 flight path; 
wherein at least one of the plurality of mirrors is disposed 
on a tip of a pair of wing, from a pair of wines of the 
aircraft, 
wherein the telescopic imaging camera is configured for 
55 detecting the disturbance of the fluid along an optical 
path of the two coherent beams based on an index of 
refraction of the image detected at the junction point in 
front of the flight path, and wherein the telescopic imag-
ing camera is configured for detecting the disturbance of 
60 the fluid along the optical path of the two coherent beams 
based on a pressure dependent change of the index of 
refraction of the air. 
2. A system, as set forth in claim 1, wherein the telescopic 
imaging camera includes an optical filter configured to filter 
65 out background scenery. 
3. A system, as set forth in claim 1, wherein the telescopic 
imaging camera is configured for capturing a plurality of 
US 8,913,124 B2 
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frame images per second and for producing a phase signal in 
at least one of an on state and an off state. 
4. A system, as set forth in claim 3, wherein the system is 
configured such that the phase signal from the telescopic 
imaging camera is divided by a frequency divider to capture 5 
at least one image in the on state and to capture at least one 
other image in the off state. 
5. A system, as set forth in claim 2, wherein the optical filter 
is one of a band-pass filter and a laser induced fluorescence 
filter. 	 10 
6. A system, as set forth in claim 4, wherein the interfer-
ometer includes: 
a coherent light source configured for emitting a coherent 
beam of light; 
a beam splitter configured for splitting the coherent beam 15 
of light into two coherent beams; and 
a plurality of mirrors configured for directing the two 
coherent beams toward one another at the j unction point. 
7. A system, as set forth in claim 6, wherein the coherent 
light source is one of a laser and a maser. 	 20 
8. A system, as set forth in claim 6, wherein the interfer-
ometer further includes a pair of beam expanders and diver-
gence controls, 
wherein each of the pair of beam expanders and divergence 
controls are operatively disposed between one of the 25 
plurality of mirrors and the junction point such that each 
of the two coherent beams is directed through a respec-
tive one of the pair of beam expanders and divergence 
controls to expand each of the two coherent beams to a 
desired cross-section at the junction point. 30 
9. A system, as set forth in claim 6, wherein the coherent 
light source is configured to produce the phase signal in 
response to emitting the beam of coherent light. 
10. A system, as set forth in claim 9, wherein the system 
further includes a processor in operative communication with 35 
the coherent light source and the telescopic imaging camera, 
wherein the processor is configured for analyzing the images 
of the pair of beams at the junction point as a function of the 
phase signal. 
11. A lock-in imaging method of detecting disturbances in 40 
fluids including air, the method comprising: 
producing an interference fringe pattern at a junction point 
in front of a flight path with an interferometer located on 
an aircraft by splitting a beam of coherent light into two 
coherent beams along two paths and recombining the 45 
two coherent beams at the junction point in front of a 
flight path using a plurality of mirrors, at least one of 
which is disposed on a tip of a wing, from a pair of wings 
of the aircraft; 
capturing an image of the interference pattern of the two 50 
coherent beams at the junction point in front of a flight 
path with a telescopic imaging camera located on the 
aircraft; and 
detecting the disturbance of the fluid in an optical path of 
the two coherent beams based on an index of refraction 55 
of the image captured by the telescopic imaging camera 
at the junction point in front of the flight path, and 
wherein the telescopic imaging camera is configured for 
detecting the disturbance of the fluid along the optical 
path of the two coherent beams based on a pressure 60 
dependent change of the index of refraction of the air. 
12. A method, as set forth in claim 11, further comprising 
producing a phase signal in at least one of an on state and an 
off state such that the phase signal from the telescopic imag-
ing camera is divided by a frequency divider to capture at least 65 
one image frame in the on state and to capture at least one 
other image frame in the off state.  
8 
13. A method, as set forth in claim 12, further comprising 
summing the image frames over a period of time using a 
modulated sources phase signal to multiply a weighting fac-
tor to sequential image frames to cancel out background 
scenery and amplify phase-locked fringe patterns. 
14. A method, as set forth in claim 11, wherein producing 
the interference fringe pattern at the junction point with the 
interferometer includes: 
emitting the coherent beam of light from a coherent light 
source; 
splitting the coherent beam of light into a pair of coherent 
beams of light; and 
directing the pair of coherent beams of light toward one 
another at the junction point. 
15. A method, as set forth in claim 14, further comprising 
expanding each of the two coherent beams of light to a desired 
cross-section at the junction point. 
16. A method, as set forth in claim 15, further comprising 
producing a phase signal in response to emitting the coherent 
beam of light from the coherent light source. 
17. A method, as set forth in claim 16, analyzing the images 
of the two coherent beams at the junction point as a function 
of the phase signal with a processor. 
18. A system configured for detecting a disturbance in air, 
the system comprising: 
an airplane having a fuselage and a pair of wings, wherein 
the airplane is configured for flight in air; 
an interferometer operatively disposed on the airplane and 
configured for producing an interference pattern by 
splitting a coherent beam of light into two coherent 
beams along two paths and recombining the two coher-
ent beams at a junction point in front of a flight path of 
the airplane during flight; 
a plurality of mirrors configured for directing the two 
coherent beams towards one another at the junction 
point; and 
a telescopic imaging camera located on the airplane con-
figured for capturing an image of the interference pattern 
of the two coherent beams at the junction point in front 
of the flight path; 
wherein at least one of the plurality of mirrors is disposed 
on a tip of each of the wings, 
wherein the telescopic imaging camera is configured for 
detecting the disturbance in air along an optical path of 
the two coherent beams based on an index of refraction 
of the image detected at the junction point in front of the 
flight path, and wherein the telescopic imaging camera is 
configured for detecting the disturbance of the fluid 
along the optical path of the two coherent beams based 
on a pressure dependent change of the index of refrac-
tion of the air. 
19. A system, as set forth in claim 18, wherein the tele-
scopic imaging camera is configured for capturing a plurality 
of frame images per second and for producing a phase signal 
in at least one of an on state and an off state; and 
wherein the system is configured such that the phase signal 
from the telescopic imaging camera is divided by a 
frequency divider to capture at least one image in the on 
state and to capture at least one other image in the off 
state. 
20. A system configured for detecting a disturbance in air, 
the system comprising: 
an airplane having a fuselage and a pair of wings, wherein 
the airplane is configured for flight in air; 
an interferometer operatively disposed on the airplane and 
configured for producing an interference pattern by 
splitting a coherent beam of light into two coherent 
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beams along two paths and recombining the two coher-
ent beams at a junction point in front of a flight path of 
the airplane during flight; and 
a telescopic imaging camera located on the airplane con-
figured for capturing an image of the interference pattern 5 
of the two coherent beams at the junction point in front 
of the flight path; 
wherein the telescopic imaging camera is configured for 
detecting the disturbance in air along an optical path of 
the two coherent beams based on an index of refraction io 
of the image detected at the junction point in front of the 
flight path, 
wherein the interferometer includes: 
• coherent light source operatively disposed on the fuse-
lage of the airplane and configured for emitting the 15 
coherent beam of light; 
• beam splitter operatively disposed on the fuselage of the 
airplane and configured for splitting the coherent beam 
of light into the two coherent beams; and 
• plurality of mirrors configured for directing the two 20 
coherent beams of light toward one another at the junc-
tion point; 
wherein at least one of the plurality of mirrors are disposed 
on a tip of each of the wings. 
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